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ABSTRACT 


The  coiqx>sition  of  the  vapor  in  equilibrium  with  lead 
oxide  (yellow  rhombic  form  )  in  the  temperature  interval 
lOOO-llSO^K  was  determined  mass  spec trometr leal ly.  The 
predominant  species  are  PbO,  Pb202,  *^3^3  Pb^O^. 

From  the  partial  PbO  pressure  measured  here  and  that 
based  on  a  reinterpretation  of  the  literature  data»  when 
taking  the  presence  of  the  polymers  into  account,  the 
dissociation  energy  of  the  molecule  R>0  was  calculatedr 
D°(PbO)*  88.4*1.4  kcal/mole. 

The  enthalpy  H298  reactions 

Pb202(g)  2  PbO(g) 

Pb303(g)  3  PbO{g) 

Pb^O^(g)  4  PbO(g) 

is  63,4^4,  126,4>6,0  and  202.0^10,0  kcal/mole  respectively. 


This  technical  documentary  report  has  been  reviewed  and  is 
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MASS  SPECTROMETRIC  STUDY  OF  THE  VAPORIZATION  OF 


LEAD  MONOXIDE** 

THE  DISSOCIATION  ENERGY  OF  PbO 


J.  Drowart,  R.  Colin  and  G.  Exstcen 

Laboratoire  de  Chimie  Physique  Mol^culaire 
Universite  Libre  de  Bruxelles,  Brussels,  Belgium. 


1.  INTRODUCTION. 

(1-9  ) 

Previous  mass  spectrometric  studios  of  the  vapo¬ 

rization  of  Group  IV(Me)-Group  VI (X)  compounds  have  shown 
the  presence  in  the  vapor  of  these  compounds  of  polymeric 
molecules  (MeX)^^.  The  relative  partial  pressure  of  these 
gaseous  species  is  particularly  hiph  for  the  oxides  and 

increases  when  poinp  from  Si(s)  ♦  SiO,(s)^^^  to  GeOCs)^^^ 

( 8 )  ^ 

and  to  Sn(s)  ♦  Sn02(s)  .  It  was  therefore  believed  that 

in  the  case  of  PbO(s),  their  contribution  to  the  total 
vapor  pressure  would  be  even  larper  and  that  these  molecules 
would  probably  become  the  major  components  of  the  vapor, 
which  was  confirmed  in  preliminary  measurements  •  Knacke 
and  Prescher^^^^  were  lead  to  a  similar  conclusion  when 
comparing  the  difference  between  the  heats  of  sublimation 
and  evaporation  of  lead  monoxide,  14,5  kcal/nole,  with  the 
heat  of  fusion,  6.6  kcal/mole. 

N 

The  research  reported  in  tiiis  document  has  been  sponsored  in 
part  by:  AIR  FORCE  MATERIALS  LABORATORY,  Research  and  Techno- 
lopy  Division,  AFSC  under  contracts AF  61  (052  )-225  and  764, 
throuph  the  European  Office  of  Aerospace  Research  (OAR), 
United  States  Air  Force, 
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Measurements  of  the  total  vapor  pressure  of  PbO(s)  have 
been  carried  out  by  several  authors^^^”^^  ^  usinp,  either  Knudsen 
Lanpmuir  or  flow  techniques.  These  measurements  cover  the  tem¬ 
perature  ranpe  extending  from  1808  (boilinp  point to  887°K 

-7 

v;here  the  total  pressure  is  approximately  10  atmospheres. 

In  this  temperature  ranpe  the  yellov;  rhombic  form  6  is  the 

stable  one  below  the  meltinp  point,  1170* 4°K.  The  red  tetra- 

ponal  form  becomes  unstable  at  762°K. 

Althouph  the  molecule  PbO  has  been  the  object  of 

spectroscopic  investipations  *  ,  no  spectroscopic  value 

for  the  dissociation  enerpy  has  been  proposed  other  than  that 

based  on  the  linear  Dirpe  Sponer  extrapolation  for  the  pround 

state  le:  jinp  to  D''(PbO)=  4.3  ev. 

0 

The  present  v;ork  reports  the  details  of  the  mass  spectre 
metric  studv  of  the  vaporization  of  PbO(s),  Pb(s)  +  PbOCs)  and 
Pb02(s)  whicli  leads  tc  the  determination  of  values  for  the 
dissociation  enerpv  of  !'b0  and  for  the  stabilitv  of  the  paseous 
molecules  Pb202,  ^^3^3 


2.  EXPERIMENTAL. 


The  mass  spectrometer  used  is  a  sinple  focussinp  60®  sector, 

(19  20) 

20  cm  radius  of  curvature  instrument  described  previously  * 

( 21 ) 

The  experimental  set-up  and  the  principle  of  the  thermodynamic 
(22) 

study  of  vaporization  processes  was  also  t^iven  previously. 

In  the  study,  commercial  samples  of  yellow  PbO,  Pb0«  and 

^  f  om  • 

pov/dered  Pb  were  used.  The  PbO  t:cmnlas  wore  of  the  vcllnv;  rhcmbic* 
Zirconia  and  platinum  were  found  to  be  satisfactorv  containers 
for  PbO  and  Pb02  while  a  nickel  crucible  was  used  for  the  mixture 
Pb(s)  ♦  PbO(s). 

Temperature  were  measured  both  with  a  Pt-Pt  10%  Rh  thermo¬ 
couple  and  with  an  optical  pyrometer. 


3.  COMPOSITION  OF  THE  VAPORS. 

Samples  of  Pb02(s)  heated  to  approximately  400®K  pave  rise 
to  a  decomposition  reaction  leadinp  to  the  formation  of  a  lower 
oxide  and  0^  molecules.  On  further  heatinr  the  samples  to  appro¬ 
ximately  1050®K  thev  vaporized  in  the  same  v/av  as  PbO(s).  It 
is  however  possible  that  the  transformation 

Pb02(s)  -  PbO(s)  ♦  1/20^  (1) 

occurs  throup,h  intermediate  steps  corresponding  to  the  formation 
of  either  Pb202(s)  or  Pb20^(s)  or  mavbe  both. 

The  ions  characterized  of  the  PbO(s)  system  identified  by 
their  mass  and  isotopic  distribution  and  shown  to  be  produced 
from  neutral  species  orif’inatinp  from  the  cell  bv  use  of  a 
movable  beam  defining  slit  are  piven  in  Table  1  together  with 
the  relative  ion  intensities  for  the  hiphest  temperature  of 
the  experiments.  Ionization  efficiency  curves  were  measured 
for  several  of  these  ions.  The  approximate  appearance  potentials, 
p,iven  in  Table  1,  were  obtained  by  the  linear  extrapolation 
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method,  the  energy  scale  being  calibrated  with  the  known 

4.(23)  +(24) 

appearance  potentials  of  ILO  and  Hg  ions.  The 

^  4 

ionization  efficiency  curve  of  Pb  showed  that  two  processes 

lead  to  the  formation  of  this  ion.  The  first  appearance 

potential  of  Pb^(7.3*0.5  eV)  agrees  with  the* ionization 

( 24 ) 

potential  of  lead  (7.4  eV)  and  is  therefore  attributed 

to  direct  ionization  of  atomic  lead.  The  second  (15.7*1.0  eV) 
is  attributed  to  fragmentation  of  the  molecular  species 
(PbO)  (*  1  up  to  4).  From  the  measured  appearance  potentials 

^  444 

of  the  other  ions  it  is  concluded  that  PbO  ,  Pb202  ,  ^^>303 
and  Pb^0^*  are  parent  ions  while  the  high  appearance  potentials 
of  Pb^O  and  ^^302  indicate  these  ions  to  be  result  of 
fragmentation  of  the  higher  polymers.  Although  no  appearance 
potential  for  the  Pb2^  ion  was  measured,  it  can  be  concluded 
from  thermodynamic  considerations  that  it  is  a  fragment  ion. 

At  the  highest  temperature  reached  in  these  experiments,  small 
intensities  were  detected  at  masses  corresponding  to  Pb^O^* 
(M=1116)  and  PbgOg^ (M=1340) .  It  v;as  unfortunately  not  possible 
to  measure  appearance  potentials  for  these  ions  because  of 
their  low  intensity.  PbO  vaporizes  thus  according  to  the 
reactions 

nPbO(s)  -*■  Pb  0  (g)  (n=  1  to  6)  (2) 

n  n 

PbO(s)  -  Pb(g)  ♦  1/2  02(r)  (3) 

4.  PRESSURL  DETERMINATIONS. 

To  determine  the  pressures  of  PbO(g)  (Table  2)  over  lead 
monoxide  three  different  methods  were  a,>lied. 

In  the  experiments  09-20,  -21  and  -30  pressures  were 
normalized  relative  to  the  calculated  decomposition  pressure 
of  PbO(s).  The  latter  was  computed  from  the  known  heat  of 

/  r  \ 

formation  of  PbO(s),  ^^298  f"  -52.1  kcal/mole'  and  the 
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following;  cycle 


PbO(e)  -*>  Pb(s)  ♦  1/2  OjCq)  ^^298'  kcal/mole 

Pb  (s)  -  Pb(p,)  ^“298"  " 


PbO(B)  Pb(p)  +  1/2  OjCc)  ^“298" 

It  was  taken  into  account  that  for  Knudsen  effusion 


p(Pb)/p(02)  =  2(Mp^+Mq  (4) 

Tlie  numerical  values  for  the  free  enerpy  function  of  PbO(s), 

(25-27) 

02(r)  and  Pb(p)  were  taken  from  the  literature  .  The 

partial  pressures  of  the  other  species  were  obtained  from  the 
relation 


Ij^02(E.A2/A2jY2Ti 

P2  I20i(E-A^/AiJyiT2 


(5) 


where  P  is  the  partial  pressure  in  atmosphere,  I  is  the  ion 

intensity  in  arbitrary  units,  o  is  the  relative  ionization 

cross  section  at  the  maximum  of  the  ionization  efficiency  curve, 

A  is  the  appearance  potential  in  eV,  E  is  the  enerpy  of  the  ioni- 

zinp  electrons  in  eV,  y  is  the  secondary  electron  multiplier 

efficiency  and  T  is  the  absolute  temperature.  0  values  were 

estimated  on  the  basis  that  the  ionization  cross  section  for 

a  dimer  is  1.6  times  that  of  a  monomer  which  was  shown  to  hold 

(-78)  (29) 

for  several  diatomic  "  and  dimeric  molecules  .  Values  of 

atomic  ionization  cross  sections  were  taken  from  Otvos  and 

Stevenson^ Multiplier  efficiencies  were  taken  from  the 

( 31 ) 

calibration  curve  of  a  multiplier  similar  to  the  one  used 

in  this  work,  molecular  effectson  the  first  dynode  beinp  taken 
( 32 ) 

into  account  .  The  numeric  values  used  are  oy=  0.50;  1.00; 
1.00;  1.30;  1.51;  1.69;  1.90  and  2.10  for  O2 ,  Pb,  PbO,  Pb202, 
Pb^O^,  Pbj^Oj^,  PtijOj  and  PbgCg  respectively. 
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In  the  experiment  (1402)  a  sample  of  PbO(s)  of  known 

weipht  was  vaporized  completely,  tlie  intensities  of  the 

major  species  (PbO,  Pb^O^,  ^^3*^3  t>einR  monitored 

and  integrated  with  time.  The  use  of  the  Ilcrtz-Knudsen  relation 

.  (7  22) 

leads  to  a  pressure  determination  as  described  previously  * 

In  the  experiment  14-01  carried  out  with  a  mixture  of  Pb(s) 

and  PbO(B),  the  pressure  of  Pb  assumed^  in  view  of  the  low 

( 33 ) 

solubility  of  oxypen  in  lead  ,  to  be  present  at  essentially 
unit  activity,  was  used  as  the  pressure  standard  in  relation (6). 


5.  RESULTS. 

The  heat  of  sublimation  of  PbO(p)  was  calculated  from 
the  partial  pressures  determined  as  described  above  by  usinp 
the  relation 

''"298.s<'’‘>0>=  -''Tl"P(PbO)  *  (6) 

The  values  are  piven  in  table  2,  The  numerical  values  of  the 
free  enerpy  functions  (G°-H°  g/T)  for  PbO(s)  and  PbO(p)  were 
taken  from  the  literature^^  ,  The  mean  value  is  All®  ^  (sub  ,PbO„ ) 
69.2*1.3  kcal/mole. 


b.  §tabilit^_^of_Pb^O^_poljrmer. 

The  equilibrium  constants  for  the  reactions 

Pb  0  (p)  nPbO(p)  for  ns  2, 3, 4, 5  and  6  (7) 

are  piven  in  fip.l.  Polymer  to  monomer  ratios  obtained  in  one 
experiment  where  no  calibration  was  carried  out  arc  included 
in  fip.l  usinp  PbO  partial  pressures  based  on  the  heat  of 
sublimation  obtained  above.  The  enthalpy  chanpes  for  reaction 
(7)  v;ere  derived,  in  the  case  of  Pb^O^,  Pb303  and  Pb^0^,  from 
least  square  treatments  which  pivc 
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TABLE  2.  Enthalpy  of  Sublimation  of  PbO(g) 


Exp.n® 

System 

T 

-  lORp(PbO) 

‘"299 

(®K) 

(atm) 

(kcal/mole ) 

0920 

PbOj 

1020 

6.11  (*1.0) 

68.6  (*1.0) 

1030 

6.13 

69.4 

1100 

5.40 

70.2 

0921 

PbO. 

( initially 

PbO. ) 

1068 

5.32 

57,8 

i. 

1041 

5.66 

67.9 

1017 

6.11 

68.4 

998 

6.56 

69.2 

0930 

PbOg 

1088 

5.35 

69.1 

1114 

5.12 

68.4 

1149 

4.91 

70.5 

1401 

Pb+PbOg 

1003 

6.68 

70.2 

102  3 

6.29 

69.4 

1063 

5.65 

69.2  • 

1070 

5.40 

68.2 

1402 

PbOg 

1046 

5.91 

69.5 

1065 

5.73 

69.7 

1110 

5.18 

b'..6 

1126 

4.99 

69.6 

69.2 

standard  deviation  *0.8 
overall  uncertainty  *1,3 
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aH°o4o"  81,4*3.0  kcal/mole  (Pb^O^) 

"«?040=  122.4*5.0  ••  (Pb303  ) 

AHJq^q=  196.5*7.0  ••  (Pb^O^) 

By  combining  these  values  with  the  free  energy  change 

for  the  corresponding  reaction,  the  entropies  99,4*4.0; 

S^04o"  130,3*5.0;  156,5*7.0  e.u,  were  calculated  for 

the  dimer,  trimer  and  tetramer  respectively.  By  estimating 

heat  contents  and  entropy  variation  with  temperature  by  analogy 

(27) 

with  a  number  of  tetra,  hexa  and  octoatomic  molecules  the 
polymerization  energies  and  entropies  at  298®K  were  calculated 
to  be 


‘Wigs' 

63,4*4,0  kcal/mole 

(Pb^Oj) 

‘W?98= 

126.4*6.0  " 

(PbjO,) 

^^298" 

202.0*10.0  " 

(Pb^O^) 

and  S°gg(Pb202)=  75.0*6.0;  sJggCPbgOg)^  92.4*8,0  and  S2gg(Pb^0^)= 
106.5*10.0  e.u.  For  Pb^O^  and  PbgOg  for  which  no  second  law 
value  could  be  obtained  for  reaction  (6),  an  estimate  of  S^q3q 
was  made  by  adding  30  and  60  e.u,  to  the  entropy  pf  Pb^O^. 

With  the  values  Sl°0'.0"’V5>=  1®’  SJp„o(Pb503)=  217  e.u. 

and  assuming  ^X200*  relation  AG0=  AH]^  -  TAS^  leads  to 

AHJ200"  253*20  kcal/mole  (Pb^O^) 

AHJ200"  320*30  kcal/mole  ^Pb605) 

These  values  were  used  to  draw  the  dotted  lines  in  fig.l. 
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TABLE  3.  Reinterpretation  of  Total  Pressure  Measurements 

for  PbO. 


Authors 

Method 

Number  of 

T 

-lonp 

-lop( PbO ) 

^^^298 

points 

(°K) 

(atm) 

(atm) 

(kcal/mole ) 

Feiser^^^^ 

Flow 

3 

1023 

4.58 

6.00 

68.3 

(below  MP) 

1073 

3.98 

5.40 

68.5 

7 

1123 

3.32 

4.77 

68.4 

7 

1173 

2.93 

4.26 

c  8 . 5 

(above  MP) 

1473 

1.17 

2.10 

70.4 

P.ichardson 

Knudsen 

2 

1373 

2.18 

2.82 

70.3 

and  Webb(i2) 

1473 

1.70 

2.23 

71.2 

D-  w  ,  (13) 
Richards 

Flow 

1 

1073 

4.85 

5.66 

69.8 

Horbe  and 

Flow 

9 

1198 

2.95 

4.13 

69.1 

Knacke  (1*+ ) 

1500 

1.26 

2.04 

71.1 

Nesmeyanov 

Knudsen 

6 

1029 

4.34 

5.81 

67.8 

Firsova  and,  ^  , 
Isakova(^^“l^ ) 

1091 

1106 

3.78 

3.48 

5.10 

4.87 

68.2 

68.8 

1117 

3.85 

4.89 

68.6 

1121 

3.98 

4.92 

69.1 

1151 

3.45 

4.50 

68.6 

Lan.Tmuir 

15 

887 

7.01 

8.13 

68.2 

896 

7.07 

8.03 

68,5 

916 

6.88 

7.77 

68.8 

926 

6.64 

7.58 

68.7 

935 

6.09 

7.28 

68.2 

939 

6.37 

7.35 

68.7 

952 

6.17 

7.12 

68.6 

955 

6.72 

7.16 

69.0 

964 

5.98 

6.92 

68.7 

973 

6.09 

6.78 

68.6 

980 

5.67 

6.66 

68.5 

1014 

5.49 

6.28 

68.9 

1023 

5.08 

6.10 

68.8 

1037 

5.04 

5.95 

68.9 

1043 

4.81 

5.82 

68.7 

Flow 

15 

1055 

4.68 

5.76 

69.1 

1061 

4.90 

5.77 

69.6 

1065 

4.50 

5.60 

69.0 

1072 

4.35 

5.50 

69.0 

1073 

4.21 

5.45 

68.8 

1075 

4.36 

5.48 

69.1 

1083 

4.27 

5.40 

69.2 

1087 

4.20 

5.35 

69.5 

1095 

4.27 

5.25 

69.1 
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TABLE  3.  Continued 


Authors 


Method 


Number  of 
points 


T  -lOR** 
(°K)  (atm) 


-loR(PbO) 

(atm) 


‘"298 

(kcai/mole ) 


Nesmeyanov 

Flow 

15 

1101 

4.29 

5.21 

69.2 

Firsova  and 

1107 

4.19 

5.12 

69.2 

Isakowa^ 1 5-16 ) 

1115 

3-.  97 

5.02 

69.1 

( continued ) 

1136 

3.90 

4.82 

69.4 

1149 

3.67 

4.65 

69.3 

Knacke  and 
Prescher'^*^^ 

1153 

3.51 

4.58 

69.1 

Knudsen 

37 

963 

5.72 

6.85 

68.2 

1063 

4.40 

5.50 

68.4 

1163 

3.30 

4.36 

68.5 

Boilinp 

point  1 

1808 

0.00 

0.42 

70.9 

averape:  68,9 


6.  DISCUSSION. 

Several  authors^^^”^® ^  listed  in  table  3  have  measured 
apprrent  total  pressures  above  PbO(s)  usinp  Knudsen,  Lanpmuir 
and  transport  methods  and  assuminp,  the  vapor  to  contain  only 
the  molecule  PbO.  The  partial  pressure  of  PbO  can  be  calculated 
from  these  apparent  total  pressures  by  takinp,  the  presence  of 
the  polymers  and  decomposition  products  into  account  by  use  of 
the  relations: 

z  n  =  i 

r  P(Pb)(M„.  ^^^  +  1/2  E  n^^^p(PbO)"/K 

Pb  0^  PbO  n 

z  n=i 

(Knudsen  and  Lanpmuir) 
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’’r  *  "'! 

/  n=  1 

=  (K/Hpbo.p(Oj>^^^)x  (Hp^«Mj,  .p(Oj)’^^/K) 


np(Pb  0  ) 

^  n  n 

n=  G 

♦  Z  np(PbO)'^/K 
n  =  l  ^ 


where  K  is  the  equilibrium  constant  for  reaction  3  end  K  the 
equilibrium  constant  for  the  reactions  qiven  in  Fip.l.  When 
oxypen  at  hiph  pressure  is  used  as  carrier  pas  the  first  term 
can  be  neplected.  V/hen  an  inert  pas  is  used  as  carrier  pas, 
the  first  term  becomes  equal  to  the  Pb  decomposition  pressure 
since  then  p(Pb)=  2p(02). 

The  partial  PbO  pressure  can  also  be  calculated  at 
the  boilinp  point  of  PbO(s)^^^^  by  use  of  the  relation: 

n  =  6 

1.00=  p(Pb)  ♦  pCO.)  ♦  Z  p(Pb  0  ) 

n  =  l 

n=  6 

=  3/2  p<Pb)  ♦  E  p(PbO)”/K 
n=  1 

These  partial  pressures  and  oripinal  apparent  total  pressures 
p  are  piven  in  table  3  topether  with  the  heat  of  sublimation 
of  the  monomer  based  thereon.  The  main  terms  in  the  correction 
are  due  to  the  presence  of  Pb2®2  P^2^4*  averape  value 

obtained  AH^ggC?" ’>b,PbO)=  68.9  kcal/mole  is  in  excellent  apree- 
ment  with  the  value  measured  directly  in  this  work. 
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The  dissociation  enerp.y  of  the  molecule  PbO  was  calculated 
from  the  cycl: 

PbO(p)  -  Pb0(6)  -69.1*1.3 

PbO(B)  Pb(s)  ♦  1/20^  ♦52.1*0.4 

Pb(s)  -  Pb(p)  ♦46.8*0.3 

1/2  OjCp)  -  0(r)  ♦59.6*0.1 

PbO(p)  -  Pb(p)  ♦  0(p)  ♦89.4*1.4 

The  value  used  for  the  heat  of  sublimation  of  lead  monoxide  is 

the  average  of  the  values  of  Tables  2  and  3,  AH2gg(Pb0)=  69.1*1.3 

kcal/mole.  Other  thermodynamic  data  were  taken  from  the  literature 

(25,26,27)^  The  value  obtained  D°gg(PbO)=  89.4*1.4  kcal/mole  leads 

to  D°(PbO)=  88,4*1.4  kcal/mole  or  3.83*0.05  e.V. 

0 

The  thermochemical  value  for  the  dissociation  enerry  can 
be  compared  with  that  obtained  by  a  linear  Birpe  Sponer  extra¬ 
polation  for  the  vibrational  levels  of  the  pround  state,  D”(Pb0)= 
4,3  e.V,  As  often,  the  Birpe  Sponer  extrapolation  leads  to  too 
hiph  a  value. 

A  cross  ch<~ck  can  however  be  found  in  the  spectroscopic 

data  for  the  excited  E  state,  which  most  probably  correlates  with 

the  atoms  in  their  Pb(^P,  )  ♦  0(^P, )  sublevels ^ \  The  E  state 
( 17 )  ^ 

is  known  up  to  4.86  eV  above  the  pround  state  which  is  thus 

a  lower  limit  for  the  converpence  limit.  On  substractinp  the 

3  3 

excitation  enerpy  of  the  Pb(  P,  )  and  0(  P,  )  levels,  0.97  and  0.02 

i.  X 

eV  respectively,  the  limit  pives  D"(Pb0)  >  3,87  eV,  The  comparison 
with  the  thermochemical  value  thus  suppests  that  the  breakinr-off 
of  the  vibrational  levels  in  the  E  state  corresponds  with  the 
actual  limit  or  is  at  least  verv  close  to  it. 
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The  lead  oxide  polymers  are  quite  analopous  to  those  for 

(1  7  8 ) 

the  other  Group  IV^  oxides  *  *  .  It  is  however  interestinp  to 

notice  that  in  poinp  from  Si  to  Ge,  Sn  and  Pb  the  number  of 
polymers  detected  and  their  concentration  increase  repularly. 

Both  the  averape  PbO-PbO  bond  in  (PbO)  and  the  enerpv 

n 

required  to  abstract  one  PbO  from  a  piven  polymer  show  an  inter- 
estinp  trend  (Table  4)  and  are  quite  close  to  the  heat  of  subli¬ 
mation  of  the  monomer.  The  same  was  previously  noted  for  the 

( 3-9 ) 

other  polymers  of  the  Group  IV^-Group  VIg  molecules  and 

suppests  that  the  paseous  polymers  have  structures  and  bindinp 
forces  closely  related  to  those  of  the  lattice. 


TABLE  4,  Stability  of  PbO  polvmers. 


(A)  Pb  0  (p) 
n  n  ’ 

(3)  Pb  0  (p) 
n  n 

-  Ph  ,0  ,  (p)  ♦  rbO(p) 

n-i  n-1 

■*  n  PbO(p) 

Pb  0 

1/n  All®  „(B) 

n  n 

o 

298 

298 

PbjOj 

63.4 

63.4 

PbaOg 

63.0 

63.2 

75.6 

67.3 

59.0 

65.4 

69.0 

66.0 

PbO(s) 

69.1 

69.1 
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